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ABSTRACT 


The influences of the following factors on crystal habit were investigated: 


1. Temperature of pure aqueous solutions. 

2. Presence of inorganic compounds in solution. 

3. Presence of organic compounds in solution. 

4. Presence of thickening substances. 

5. Presence of suspensions. 

Crystals were grown under temperature conditions varying from 5°C to 30°C. 
At a slow rate of crystal growth, the crystals of the salts investigated (barium 
nitrate, strontium nitrate, and lead nitrate) are of very simple habit when grown 
at low temperatures (S°C to 10°C), and become increasingly more complex with 
increase in temperature. 

The presence of impurities in solutions was found to exert an influence on crystal 
habit. A number of anhydrous nitrates varying appreciably in solubility were 
employed to serve as inorganic impurities. An inorganic impurity of greater 
solubility than the salt crystallizing has the effect of producing crystals of simpler 
habit than those formed from a pure aqueous solution under similar temperature 
conditions and about the same rate of crystal growth. If, however, the salt present 
as an impurity is less soluble than the salt crystallizing from solution the crystals 
formed are more complex in habit. 

The crystal habit was likewise influenced materially by the presence of organic 
substances added as impurities. The results in general suggest that the effect of 
some impurities, inorganic and organic, is due in part to the influence of the im- 
purity upon the property of the water acting as the solvent. The influence of 
impurities on crystal habit is not always due to adsorption of the impurity by the 
crystal faces nor to the regular inclusion of the impurity by the crystal. 


INTRODUCTION 


HISTORICAL 


One of the most interesting phenomena associated with the 
study of crystals is that of crystal habit. It is rather surprising to 
find that there has been very little intensive systematic study 
devoted to this fascinating subject. Investigators for some reason 
have not devoted much time and energy to solve the mysteries of 


* From a dissertation submitted in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy in the University of Michigan, June 4, 1926. 
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crystal development. The subjects of definite polyhedral form, 
symmetry, and crystal structure have issued a stronger challenge. 

It is a matter of general observation that there are a large 
number of minerals, each represented by several different crystal 
forms. Furthermore, these forms or combination of forms for any 
one mineral may vary considerably in relative size. These observa- 
tions are most pronounced in the case of the more commonly 
occurring minerals. Calcite and pyrite, for example, are ex- 
ceedingly common minerals represented by very pronounced 
difference in crystal forms and combination of forms. Good 
crystals illustrating this may be found in all museums exhibiting 
minerals, and full descriptions with drawings and photographs 
may be seen in any standard text on mineralogy. 

Crystal habit in this paper is here considered to mean the 
crystal form, or any manner of combination of forms, by which a 
mineral, or any other crystalline substance, may be represented. 
Distortions, although often characteristic, as for example in the 
case of many quartz crystals, are not to be considered in this 
discussion under the term habit. 

The terms dominant and predominant are used quite frequently 
in describing experimental results. The term dominant is applied 
to the form in combination which is relatively the larger or largest 
in size. The term predominant refers to the habit among a group 
of crystals that occurs more often than any other in that group. 

To a crystallographer it is of extreme interest to know the 
factors that cause a substance, of definite chemical composition 
possessing in crystalline state well defined elements of symmetry 
and a definite crystal structure, to vary in crystal habit. It is the 
purpose of this paper to report some of the results obtained from 
a large number of experiments that have been conducted with the 
object of determining some of the factors that influence crystal 
habit. 

In recent years, particularly,a number of investigators have been 
interested in the study of crystal habit. Apparently, the greatest 
amount of effort has been directed towards a study of the effect 
of foreign substances. Reports have been published quite widely 
dealing in some way with the effect of foreign substances on crystal 
habit. 

Boydant' and several others have tried to determine why the 
presence of a foreign substance can produce an influence so as to 


" Boydant: Report of Smithsonian Institution, 1908-09, p. 272. 
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modify crystal habit. However, their efforts to determine the 
exact nature of the influence have not been very successful. One 
reason quite generally advanced, credited to H. Marc,? is that the 
foreign substance is adsorbed by the crystal faces. Since the 
properties of the crystal faces of different forms vary, the amount 
of adsorption by these faces may likewise vary. This retards the 
development of certain forms producing crystals of different habit. 
Wherry® suggests that in the case of crystals highly modified the 
effect is produced not only by one adsorbable impurity but by 
several. 

P. Curie* developed a very elaborate theory referred to some- 
times as the “attractive theory.’’ Curie sets forth with detailed 
mathematical calculations the idea that capillary action exists 
between the liquid and the crystal, and that this effect varies with 
the nature of the crystal face and the nature of the liquid. Accord- 
ing to Curie the faces which develop require a minimum ex- 
penditure of capillary energy and that, therefore, the dominant 
forms are those whose constant capillarity is the least, and that 
since foreign substances influence the capillary constant, they, 
therefore, influence crystal habit. 

Another explanation quite generally met with, as one searches 
the literature bearing on crystal habit, is that the foreign substance 
is taken into the crystal from solution through simultaneous 
crystallization and is distributed in some orderly fashion. By 
virtue of this, the impurity modifies or influences the crystal habit. 
Paul Gaubert® vigorously supports this idea and has reported 
somewhat at length on experiments using different dyes as foreign 
substances in solution to supply evidence in support of his view. 


METHOD FOR GROWING CRYSTALS 


For the purpose of growing crystals a combination of the 
following crystallizing dishes was used: 


No. 1. 50mm. diameter, 55 mm. deep. 
No. 2. 70mm. diameter, 50 mm. deep. 
No. 3. 150 mm. diameter, 75 mm. deep. 


2 J. W. Mellor: A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry, Vol. 1, p. 630. 

3 Edgar T. Wherry. At the Surface of a Crystal. Am. Mineral.,9, No. Side Soe 

4 Report of Smithsonian Institution, 1908-09, p. 272. 

5 Paul Gaubert: Revue Scientifique, Paris, 41, No. 3, Jan. 15, 1910. 
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Each set up consisted of three dishes of No. 1 each containing 
the solution of the salt under consideration. These three dishes 
and one No. 2 dish containing concentrated sulphuric acid were 
covered by dish No. 3. 

Solutions were made with distilled water and for most purposes 
25 cc. of solution were placed in each dish. The majority of the 
experiments were carried on with three such sets of dishes for one 
experiment. It was highly desirable to make observations of 
crystals while they were growing in the mother liquor. In order 
to make observations for record on crystals grown from solutions 
which had not been disturbed, three sets of experiments, under 
the same conditions, were conducted simultaneously. 

The dishes were placed on felt cloth which in turn was securely 
tacked to a wooden bench or wooden table top. The felt served 
as an insulation and also to reduce the effect of vibrations some- 
what. The quantity of salt used in making up solutions was 
weighed carefully and the desired concentration was determined 
with the aid of solubility tables. 

Temperature conditions in the room and in connection with any 
special experiments were determined by means of maximum and 
minimum thermometers. The experiments from which results 
were obtained for record were conducted under conditions where 
the temperature was controlled to within +2.5°C. 

Methods for growing crystals with the temperatures controlled 
by thermostats were considered for this work. While schemes 
such as described by Hostetter® and others are most excellent for 
obtaining homogeneous crystals of fairly large size, they could not 
be used to advantage for the work undertaken. 

Observations were made on crystals during the period of crystal 
growth, while the crystals were still in the mother liquor. Crystals 
were also carefully observed after being removed from the mother 
liquor. All observations were made with a 20 power Leitz binocular 
microscope. A special arrangement of lights was adapted so that 
crystals could be observed by reflected light or by transmitted 
light or by both simultaneously. 


° J. C. Hostetter: J. Wash. Acad. Science, 9, No! 4, pp. 85-94. 
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EXPERIMENTAL DATA 
RATE OF CRYSTAL GROWTH 


Since the rate of crystal growth will vary with the rate of 
evaporation, it follows that if the rate of evaporation is controlled 
so that it is fairly constant, the rate of crystal growth will also 
be fairly constant. 

Four methods were used to vary the rate of evaporation: 

(1) A continuous partial vacuum was created by connecting a 
suction pump to a dessicator containing crystallizing dishes No. 1. 
(2) Three crystallizing dishes, No. 1, containing the solutions, 
were placed under the large dish No. 3. Under this same dish was 
also placed dish No. 2 with some concentrated sulphuric acid. 
This arrangement allows a comparatively uniform rate of evapora- 
tion. (3) Dish No. 1 was covered first with filter paper, then with 
a glass plate placed immediately on top of the filter paper and 
finally a weight of at least 250 grams was placed on the glass plate. 
This arrangement was placed under dish No. 3. The filter paper 
absorbs some of the water vapor and consequently allows some 
evaporation to goon. However, the rate is much slower than in(2). 
(4) A rubber stopper was tightly fitted to crystallizing dish No. 1. 
This prevented evaporation entirely. 

The rate of crystal growth may also be influenced by rate of 
cooling. In general the solubility of a substance increases with the 
temperature of the solvent and this is true of all the salts used in 
these experiments. 


SALTS USED IN THE EXPERIMENTS 


The results reported in this paper were obtained largely from 
observations made upon the following three salts: 
Pb(NOs)2 


Ba(NOs)2 
Sr(NOsz)2 


These three salts crystallize in the cubic system, in the tetra- 
hedral pentagonal dodecahedral class of symmetry. Good crystals 
may be grown with very little difficulty, and for work dealing with 
crystal habit it is very important that the crystals obtained be 
sufficiently free from distortion to permit easy recognition and 
large enough so that the forms may be determined with the aid of 
a 20 power binocular microscope. 
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Other salts also were used in this study and crystals were grown 
of the following: NaCl, NaNO;, NaBrO;, NaClOs, KI, KF, Nal, 
NaF, NaBr, and LiCl. The results were noted and were considered 
in connection with those of the three salts first mentioned, in 
arriving at interpretations. 

Crystal growth was obtained by evaporation at fairly constant 
temperatures. The rate of evaporation was varied for different 
experiments. For most of the experiments two rates of evaporation 
were considered and for a few three rates. The rate of evaporation 
obtained by producing a partial vacuum with a suction pump will 
be referred to as “fast.”” The rate obtained under dish No. 3 in 
the presence of concentrated sulphuric acid will be referred to as 
‘“‘medium.’”’ The rate obtained under dish No. 3 by placing filter 
paper over the evaporating dish will be referred to as “‘slow.”’ 
Experiments carried on with a rubber stopper tightly fitting the 
evaporating dish are regarded as “‘no evaporation.”’ 

The temperatures used were mainly the following: 

S°E to 10°€ 
15°C to 20°C 
20°C to 24°C 
25°C to 30°C 

The terms ‘‘medium” and “slow” refer to the method rather 
than to the actual rate of evaporation or of crystal growth. 
Experiments are reported, for instance, as evaporation ‘‘medium”’ 
with temperature conditions 15°C to 20°C. Experiments are also 
reported as evaporation ‘‘medium”’ with temperature conditions 
20°C to 24°C. The scheme for allowing evaporation to take place 
is the same in each case. The actual rate must be somewhat 
different because there is a difference in temperature. 

For highly quantitative work of a limited scope of this subject 
it would undoubtedly be important to define rate of crystal growth 
in terms of the actual increase in volume and the increase in the 
total surface area. This work, however, is in the nature of a 
preliminary report in this field and is approached from a fairly 
broad point of view. A quantitative consideration of rate of crystal 
growth, therefore, has for the present purpose of this work been 
omitted. 

Experiments under the above conditions of evaporation and 
temperature were carried on (A) with pure aqueous solutions of 
the salts, and (B) with solutions containing impurities. The 
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impurities considered were a set of inorganic salts, organic com- 
pounds, viscous liquids and suspensions. 


A. CRYSTALS FROM PURE AQUEOUS SOLUTIONS 
EVAPORATION ‘“‘FAST’’—TEMPERATURE 20°C-—24°C 


In each of three dishes was placed the following solution: 

35 cc. H2O 

24 gm. Pb(NOs)> 
At the time the experiment was started there were from 25 to 
50 small crystals in the liquor in each dish. The three dishes were 
placed in a dessicator and the dessicator connected to a suction 
pump. The crystals in one dish were examined after 12 hours and 
in the remaining two after 36 hours. 

All the crystals in the liquor were combinations of + tetra- 
hedrons about equally developed. The crystals resembled slightly 
tabular octahadrons. All were milky and opaque. The above 
experiment was repeated with solutions of barium nitrate and 
strontium nitrate with the result that the crystals obtained in 
each case were all of the same habit as those obtained with lead 
nitrate. The crystals of barium nitrate were considerably smaller 
than those of lead nitrate or of strontium nitrate. The barium 
nitrate crystals were clear and transparent. 


EVAPORATION ‘‘MEDIUM’’—TEMPERATURE 5°C-10°C 


In each of three dishes was placed the following solution: 

25 cc. H2O 

2.2 gm. Ba(NOs)2 
At the end of 12 hours of crystal growth the crystals of barium 
nitrate obtained were single tetrahedrons. The crystals were 
examined while in the liquor and a very interesting feature was 
noticed. The second tetrahedron could be seen to develop slowly 
while the crystals were being observed. The increase in tempera- 
ture was not rapid enough to cause a solvent action to take place 
and produce a rounding of the edges and corners. The temperature 
in the room at the time of this experiment was but slightly higher 
than that of the interior of the box in which the experiments were 
set up. However, there was some heating effect from the light used 
for observation and the change in habit is explained as caused by 
this slight change in temperature. Crystal growth had not pro- 
ceeded far enough to have reached a state of equilibrium. Because 
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evaporation was taking place, the process of crystal growth con- 
tinued even with a slight increase in temperature of the solution. 

After 36 hours the crystals in the two remaining dishes were 
single tetrahedrons and combinations of + tetrahedrons with a 
predominance of single tetrahedrons. Of the combinations one 
form was dominant. The maximum thermometer indicated that 
the temperature for a short period had been in the neighborhood 
of 10°C. During the first 12 hours it had not been above 7°C. The 
increase in temperature may account for the variation in habit. 


EVAPORATION ‘‘MEDIUM”—TEMPERATURE 15°C—20°C 

25 cc. H20 

17 gm. Pb(NOs)2 
Results after 12 hours of crystal growth showed a predominance 
of crystals with + tetrahedrons in combination of equal develop- 
ment. A minority of the crystals were combinations of + tetra- 
hedrons with one form decidedly dominant. After 36 hours and 
60 hours the predominance of + tetrahedrons of equal develop- 
ment had successively increased. 


EVAPORATION ‘‘MEDIUM’—TEMPERATURE 12°C—20°C 

25 cc. H2O 

2.2 gm. Ba(NOs)2 
After 12 hours of crystal growth all the crystals of barium nitrate 
were combinations of + tetrahedrons with one form appreciably 
dominant. After 36 hours there were some crystals with com- 
binations of + tetrahedrons equally developed. The crystals 
predominating were combinations of + tetrahedrons with one 
form dominant. After 60 hours all the crystals were combinations 
of + tetrahedrons with about 50% of the crystals having both 


forms equally developed while of the other 50% one form was 
dominant. 


EVAPORATION ‘‘MEDIUM’—TEMPERATURE 20°C—24°C 


Crystals were allowed to grow under the above conditions from 
solutions of lead nitrate, barium nitrate and strontium nitrate. 
Solutions were of the following concentrations: 

25 cc. H2O 20 cc. H,O 25 cc. H2O 
17 gm. Pb(NOs)2 2.2 gm. Ba(NOs3)2 18 gm. Sr(NO3)2 

Observations on each set of solutions, after crystals first ap- 

peared, were made for record after 12 hours, 36 hours, and 60 
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hours of crystal growth, respectively. The following results were 
obtained: 

After 12 hours the majority of the crystals were combinations 
of + tetrahedrons of equal development. An appreciable percent 
were + tetrahedrons in combinations with a cube with the + 
tetrahedrons equally developed and with the cube decidedly the 
subordinate form. 

After successive intervals of 36 hours and 60 hours there was 
in each case an appreciable increase in the percent of crystals 
having + tetrahedrons in combination with a cube. The cube 
was relatively larger in the case of barium nitrate than in either of 
the other two salts. However, it was the subordinate form. 

Qualitatively the results for each salt were the same. 


EVAPORATION ‘““MEDIUM’—TEMPERATURE 25°C—30°C 


Crystals were obtained from solutions of lead nitrate, barium 
nitrate and strontium nitrate under conditions indicated above. 
The solutions were of the following concentrations: 


25 cc. HO 25'Ce, HO 25 cc. H2O 
18.5 gm. Pb(NOs)2 3 gm. Ba(NOs)o 22 gm. Sr(NOs)2 


LEAD NITRATE. Crystals obtained from lead nitrate solutions 
were observed after 12 hours, 36 hours, and 60 hours of crystal 
growth. In each case, from 50 to 75 crystals were grown in each 
solution observed for record. 

After 12 hours oi crystal growth the majority of crystals were 
combinations of the cubes and + tetrahedron with all three forms 
about equally developed. A smaller number were of the same 
combination, but the two tetrahedrons, equally developed, were 
the dominant forms. A few crystals, ten to fifteen, were of + 
tetrahedrons of equal development. After 36 hours the majority 
of the crystals were combinations of a cube and + tetrahedrons 
and a pyritohedron. The cube was the dominant form and the 
pyritohedron the subordinate form. The remaining crystals were 
combinations of a cube and + tetrahedrons with the cube the 
dominant form. After 60 hours the pyritohedron was present on a 
larger percent of crystals than previously, and had become 
relatively larger but was still the subordinate form. 

The results obtained with barium nitrate and strontium nitrate 
are indicated in table No. 1. 
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EVAPORATION ‘‘SLOW’’—TEMPERATURE 20°C-24°C 


The solutions for this experiment were of the same concentration 
as for those under conditions of “‘medium’” evaporation and 
temperature of 20°C-—24°C. 

LEAD NITRATE. If lead nitrate crystals are produced under 
conditions of medium evaporation at temperatures of 20°C—24°C 
the first crystals formed are combinations of + tetrahedrons about 
equally developed. If such crystals are transferred from conditions 
of ‘“‘medium”’ evaporation to conditions of “‘slow” evaporation, 
there is a marked influence on the crystal habit. In less than ten 
minutes, cube faces begin to form on some crystals in combination 
with the two tetrahedrons. The first appearance is as very narrow 
faces bevelling the edges of the crystals. After 12 hours the cube 
is the dominant form on the majority of the crystals. All crystals 
are combinations of a cube and + tetrahedrons. On some crystals 
the three forms are about equally developed, and on a small 
percent, the + tetrahedrons still dominate. 

During the succeeding periods of 36 hours and 60 hours the 
percent of crystals on which the cube is the dominant form in- 
creases. However, no other forms occur in combinations. 

BARIUM NITRATE. Barium nitrate crystals grown in an aqueous 
solution under conditions of ‘‘slow’’ evaporation and temperature 
20°C-—24°C after 12 hours of crystal growth are qualitatively the 
same in habit as lead nitrate crystals grown under the same con- 
ditions. The cube is relatively larger in size and also crystals on 
which the cube is the dominant form occur in larger percent. After 
36 hours of crystal growth, the cube becomes more completely 
dominant. On some crystals there is only one tetrahedron in 
combination. After 60 hours some crystals are single cubes, some 
combinations of a cube and one tetrahedron and some a cube and 
+ tetrahedrons with the cube decidedly dominant. 


EVAPORATION ‘‘SLOW’’—TEMPERATURE 25°C-30°C 


Crystals from solutions of lead nitrate, barium nitrate, and 
strontium nitrate were allowed to grow under conditions of ‘“‘slow”’ 
evaporation and temperatures of 25°C-30°C. The solutions were 
made of the same concentrations as for the experiments under 
conditions of ‘“‘medium” evaporation and temperatures 25°C— 
i) Or 
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It was found an advantage in all cases to allow crystals to 
develop first under conditions of ‘“‘medium” evaporation with 
temperatures of 25°C-30°C. The first crystals formed in all cases 
were combinations of + tetrahedrons. As soon as crystals have 
formed and the desired numbers are in the liquor the dishes may 
be transferred to conditions of ‘‘slow’’ evaporation. Observations 
for record were made after 12 hours, 36 hours and 60 hours of 
crystal growth. 

LEAD NITRATE. Lead nitrate crystals developed under the above 
conditions after 12 hours of crystal growth are combinations of a 
cube, + tetrahedrons and a pyritohedron. This combination with 
the cube the dominant form occurs on the majority of crystals. 
Some crystals, however, are combinations of + tetrahedrons and 
a pyritohedron. Some crystals are combinations of a cube and a 
pyritohedron. The pyritohedron is present on all forms. After 
36 hours of crystal growth the pyritohedron becomes more 
prominant; it constantly grows relatively larger. 

After 60 hours the pyritohedron is relatively equal in size, on 
some crystals, to the other forms with which it is in combination. 
The development of the pyritohedron under temperatures around 
30°C is very pronounced. 

BARIUM NITRATE. Barium nitrate crystals placed under con- 
ditions of ‘‘slow’’ evaporation and temperatures of 25°C-—30°C 
react very much the same as lead nitrate crystals during the first 
12 hours of crystal growth. After 36 hours the pyritohedron is 
relatively equal in size to the + tetrahedrons. The cube is more 
generally in combination than on lead nitrate crystals and is 
relatively larger. 

After 60 hours the crystals are all combinations of a cube, 
pyritohedron and + tetrahedrons. In some experiments con- 
ducted under these conditions a few crystals grew of the com- 
bination, cube, pyritohedron, + tetrahedrons and tetrahedral 
pentagonal dodecahedron. The crystals were practically perfect. 
The cube was the dominant form. 

Table No. 1 represents in tabular form the results obtained 
from a set of experiments, a few of which have been described 


above, with crystals grown from pure aqueous solutions. 
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TABLE I 
Rate of Hours of | Temperature 
Salt crystal crystal conditions Results 
growth growth 

Pb(NOs3)2| “‘Fast” 12 20°C-24°C ‘|All crystals + tetrahedrons 
in combination. 

“ “ 36 “ « 

be “Medium” 12 5°C-10°C All crystals combinations of 
+ tetrahedrons; one form 
decidedly dominant. 

“ “ 36 “ “ 

Ba(NOs3)2 § 12 « All crystals single tetra- 
hedrons. 

. 36 ‘ Predominance of _ single 
tetrahedrons; also + tetra- 
hedrons in combination, one 
form dominant. 

Sr(NOs3)2 « 12 « All crystals combinations of 
+ tetrahedrons; one form 
decidedly dominant. 

“ “ é 36 “ “ 

Pb(NOs). 12 15°C-20°C |Predominance of + tetra- 
hedrons equally developed; 
also + tetrahedrons, one 
form dominant. 

. - 36 . Increase in predominance of 
+ tetrahedrons equally de- 
veloped; + _ tetrahedrons, 
one form dominant. 

“ “ 60 “ “ 

Ba(NOs3)> - 12 “ All crystals + tetrahedrons 
one form dominant. 

f eS 36 “ Predominance + _ tetra- 


hedrons, one form dominant. 
Also + tetrahedrons equally 
developed. 
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Rate of | Hours of | 
Salt crystal crystal Temperature Results 
growth | growth conditions 

Ba(NOs)2| “Medium” 60 15°C-20°C | 50% + tetrahedrons 

| equally developed. 
50% + tetrahedrons, one 
form dominant. 
| 
Sr(NO3)2 | “Medium” 12 15°C-20°C | Predominance of + tetra- 
hedrons equally developed; 
| also + tetrahedrons, one 
| form dominant. 

. F; 36 a Greater predominance of 
tetrahedrons equally de- 
veloped. + tetrahedrons, 

one form dominant. 

“ “ 60 “ “ 

Pb(NOs)z | 3 12 20°C-24°C | Predominance of + tetra- 
hedrons equally developed; 
also + tetrahedrons and 
cube, + tetrahedrons dom- 
inant. 

* # 36 = Predominance of + tetra- 

hedrons equally developed. 
Increase + tetrahedrons and 
cube. 

“ “ 60 | “ “ 

Ba(NOs)2 < 12 ¢ Predominance of + tetra- 
hedrons equally developed; 
also + tetrahedrons and 
cube, tetrahedrons dominant 

i: 36 % Same as for Pb(NOs3)2; cube 

relatively larger. 

« “ 60 “ “ 

Sr(NOs3)> s 12 ¢ Same as for Pb(NOs)2. 

“ “ 36 “ td 

“ « 60 “ « 
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Rate of Hours of 
Salt crystal crystal Temperature Results 
growth growth conditions 

Pb(NOs)2 | “Medium” je 25°C-30°C | Predominance of + tetra- 
hedrons and cube; also + 
tetrahedrons and cube, + 
tetrahedrons dominant; algo 
+ tetrahedrons. 

y bs 36 = Predominance of cube, + 
tetrahedrons, pyritohedron, 
cube dominant; also cube, 
+ tetrahedrons, cube domi- 
nant. 

‘ 60 + Increase in percent of pyrito- 
hedrons. 

Ba(NOs3)9 “ 12 - Predominance of cube, + 
tetrahedrons. Also cube, + 
tetrahedrons, pyritohedrons. 

© Y 36 3 Increase in percent of pyrito- 
hedrons. 

“ “ 60 “ ii “ 

Sr(NO3)2 % 12 iz Predominance of cube, + 
tetrahedrons. Also cube, + 
tetrahedrons, pyritohedrons. 

3 . 36 _ Increase in percent of pyrito- 
hedrons. 

“ “ 60 “ “ 

Pb(NO3)2] “Slow” 12 20°C-24°C | Predominance of cube, + 
tetrahedrons, cube dominant. 
Cube, + tetrahedrons, all 
equally developed. + tetra- 
hedrons and cube, tetra- 
hedrons dominant. 

7 ” 36 a Increase of cube dominance. 


60 


“ 
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Rate of Hours of 
Salt crystal crystal Temperature Results 
growth growth conditions 
Ba(NO3). Me 12 z Predominance of cube, + 
tetrahedrons. Also cube, + 
tetrahedrons, equally de- 
veloped. Small percent + 
tetrahedrons, cube. 

- is 36 se Predominance of cube, + 
tetrahedrons. Cube, single 
tetrahedron. 

‘ | 60 $ Predominance cube, + tetra- 
hedrons. Cube, single tetra- 
hedron. Cube. 

Sr(NO3)> a: 12 a Cube, + tetrahedrons, cube 
dominant. 

% - 36 Cube becomes more domi- 
nant. 

cs “ 60 “ “ 

Pb(NO3)2| ‘‘Slow”’ 12 25°C-30°C | Predominance of cube, + 
tetrahedrons, pytitohedron. 
+ tetrahedrons, pyrito- 
hedron. Cube, pyritohedron. 

. ‘ 36 2 Pyritohedron relatively 
larger. 

“ “ 60 “ “ 

Ba(NOs)2 % 12 “ Predominance of cube, + 
tetrahedrons, pyritohedron. 
+ tetrahedrons, pyrito- 
hedron. Cube, pyritohedron. 

_ ‘ 36 ¢ Cube, + tetrahedrons, pyri- 
tohedron. 

< 60 " Predominance of cube, pyri- 


tohedron, +  tetrahedrons. 
Cube, pyritohedron, + 
tetrahedrons, tetrahedral 
pentagonal dodecahedron. 
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Rate of Hours of 
Salt crystal crystal Temperature Results 
growth growth condensities 
Sr(NOz)2 | “Slow” 12 25C °-30C° Predominance of cube, + 
tetrahedrons, pyritohedron. 
Cube, + tetrahedrons. 
* i 36 Z Cube, + tetrahedrons, pyri- 
tohedron. 
é 60 S Predominance of cube, + 
tetrahedrons, pyritohedron. 
Cube, pyritohedron, + 
tetrahedrons. 


SUMMARY AND CONCLUSIONS OF CRYSTALLIZATION 
FROM PURE AQUEOUS SOLUTIONS 


The results obtained from the experiments reported above point 
very strongly to the conclusion that the crystal habit of crystals 
from pure aqueous solutions may be influenced in a marked manner 
by: 

1. The rate of crystal growth; 
2. The temperature of crystal growth, 

Crystals growing at a rapid rate have a tendency to develop as 
simple forms, even at high temperatures. Crystals formed at any 
temperature below the boiling point of the aqueous solutions of 
the salts used, under ordinary pressure conditions, if grown 
rapidly, are developed as simple forms. In the case of the salts lead 
nitrate, barium nitrate and strontium nitrate, the crystals formed 
rapidly at high temperatures are combinations of + tetrahedrons 
equally developed so that the crystals resemble small octahedrons. 

If the rate of crystal growth is slow the temperature at which 
crystals develop seems to be a very strong factor in determining 
crystal habit. This is very evident from all the results obtained 
and especially so in the case of barium nitrate. Single tetrahedrons 
were developed at temperatures of 5°C—10°C and at temperatures 
between 25°C and 30°C complex crystals of a cube, pyritohedron, 
+ tetrahedrons and a tetrahedral pentagonal dodecahedron were 
obtained. 

Observations of the influence of temperature on crystal habit 
have been recorded in scieritific literature; however, reports of 
systematic work on this subject have not been found. 
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' Levy and Lacroix’ in describing Boricky’s method of procedure 
in micro-chemical analysis report that the temperature at which 
crystallization is allowed to proceed has a perceptible influence 
on the crystal form of the hydrofluosilicate obtained. George 
Kalb® states that among ice crystals formed near 0°C the tabular 
habit prevails, while lower temperatures favor the production of 
the prismatic habit. 

If crystals of a complex habit formed at a temperature near 30°C 
and slow rate of crystal growth are suddenly changed to conditions 
of rapid crystal growth, while still in the mother liquor, either by 
suddenly lowering the temperature or by means of rapid evapora- 
tion, they are rapidly changed to crystals of simple habit. The 
complex forms may often be seen enclosed in the nature of a 
phantom crystal in the simple crystals of + tetrahedrons. 

It has been suggested that the change in viscosity of an aqueous 
solution due to a change in temperature is a factor that should be 
considered as influencing crystal habit. This is undoubtedly a very 
valuable suggestion. Since the interpretations offered do not, at 
present, seem to fit the results obtained, and as a careful con- 
sideration of this factor is a problem in itself it has been left open 
for future consideration. 

A very interesting observation has been reported by Hostetter,°® 
that if the solvent action on octahedrons of alum crystals caused a 
rounding of edges, the rhombic dodecahedron was formed in 
combination with the octahedron when crystal growth was re- 
sumed. The action of solution of a similar nature has been observed 
in this work. The form which resulted, however, after crystal 
growth was resumed was determined by the temperature of the 
solution. 

Tutton’s idea of ‘‘over crystallization’!® seems to be well 
substantiated in practically all of the results obtained from con- 
ditions of ““medium”’ rate of crystal growth. In fact results ob- 
tained from all other conditions of evaporation, ‘“‘medium”’ or 
“slow” and at temperatures between 20° to 30°C may be con- 


sidered to substantiate it. 


7 Levy and Lacroiz: Les Mineraux des Roches, p. 125: 

8 Centr. Min-Geol., 1921, pp. 129-34. 

9 J. C. Hostetter: Jour. Wash. Acad. of Science, Vol. 9, Nov. 4, pp. 93. 

10A. E. H. Tutton: Crystallography and Practical Crystal Measurement, 


Vol. 1, pp. 16-17. 
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In all cases the crystals at first are of a simpler habit than after 
a period of 36 hours and 60 hours of crystal growth. According to 
Tutton, when crystals are first formed the process of crystallization 
proceeds so rapidly that it continues until the concentration of the 
solution has become lower than the theoretical state of equilibrium. 
Since crystallization in these experiments resulted because of 
evaporation the state of equilibrium was undoubtedly restored 
before solvent action took place sufficiently to cause a rounding 
of the edges as Tutton observes. 

Tutton’s idea explains very nicely why the crystal habit should 
become more complex after the first few hours of crystal growth, 
provided the temperature is above the point where simple crystals 
form. If the state of concentration has been reduced below the 
theoretical state of equilibrium, it seems quite likely that as the 
solution approaches a state of supersaturation, brought on by 
evaporation, the presence of a number of crystals of appreciable 
size will make it quite impossible for the solution to again reach a 
very high state of supersaturation. The process of crystallizaticn 
will continue the moment the state of saturation exceeds tke 
theoretical state of equilibrium. Under conditions of ‘‘medium”’ 
or ‘‘slow’’ evaporation the rate of crystal growth will, therefore, 
undoubtedly progress much more slowly after the first few hours 
of crystal growth or after the state of ‘‘over crystallization”’ has 
been obtained, than before that time. If the temperature, then, 
is high enough the crystals will, because of a slower rate of crystal 
growth, be more complex in habit. 

The word ‘‘complex”’ is used quite frequently in this paper and 
in conformity with general usage is employed to distinguish 
simple crystals of one form from crystals of two or more forms. 
A crystal of the + tetrahedrons in combination with a cube, for 
instance, is referred to as being more complex than a crystal of 
just + tetrahedrons. However, a crystal of a more complex 
paramentral ratio is regarded as more complex than a crystal 
expressed by a simple paramentral ratio. The pyritohedron 
(hko) is regarded as more complex, therefore, than either the 
tetrahedron (111) or the cube (100). Likewise, a combination of a 
cube and a pyritohedron would be regarded as a more complex 
crystal than a cube in combination with either one or two tetra- 
hedrons. 

The results obtained in these experiments indicate that the 
pyritohedron is formed to advantage at a higher temperature 
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than the cube or the tetrahedrons. The cube, likewise, forms at a 
slightly higher temperature than the + tetrahedrons, and the 
combination of the + tetrahedrons forms at a higher temperature 
than the single tetrahedron. The rate of evaporation for each 
case is considered “‘slow.”’ 

A combination of crystal forms, in the light of the above experi- 
ments, may for some crystals be considered to be the result of a 
successive change of conditions. If conditions favorable to any one 
crystal form exist for a sufficiently long period of time that form 
will be the dominant form or it may even grow as a single form 
to the exclusion of all other forms. This result has been obtained 
in the case of the cube. The most favorable temperature for the 
cube of barium nitrate seems to be about 23°C. If this temperature 
can be successfully maintained for a period of three days, the 
majority of the barium nitrate crystals in the mother liquor will 


be cubes. Such results have been obtained repeatedly. 
(To be continued) 


EUHEDRAL OLIGOCLASE OF PERICLINE HABIT FROM 
MEDICINE BOW MOUNTAINS, WYOMING 


ARTHUR L. CRAWFORD, Stanford University 


INTRODUCTION 


The purpose of this article is to place on record an American 
occurrence of oligoclase crystals of pericline! habit, an unusually 
rare form of acommon mineral. They occur at Gold Hill, Wyoming, 
on the west flank of Medicine Bow Mountains or Snowy Range, 
about three miles due west of Medicine Peak. Specimens were 
collected by the writer in July, 1925, while acting as field assistant 
to Professor Eliot Blackwelder. These were studied in the miner- 
alogical laboratory at Stanford University and this article prepared 
under the direction of Professor Austin F. Rogers, whose stimulat- 
ing criticism is gratefully acknowledged. 


OcCURRENCE 


The oligoclase lines the walls of an irregular vein in an altered 
pre-Cambrian dike, a dark-colored, mediosilicic rock, typical of 
many similar dikes which here traverse the ancient sediments. 


1 Pericline is a variety of albite in which the crystals are elongated parallel to 
the b-axis. The variety of albite with this habit should not be confused with the 
twinning-law bearing the same name. No necessary connection exists. 
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The latter are thoroughly recrystallized and are almost exclusively 
metaquartzite? though, a few miles to the east, they grade into 
argillaceous and calcareous strata. An abandoned prospect 
furnished the material® for this study. 

A chemical analysis of the dike rock has not been made, but a 
petrographic study of thin sections shows that it is probably a 
metadiorite. It is completely recrystallized and the various 
constituents are intergrown, usually occurring in aggregates rather 
than in units of definite orientation. More than half of the rock 
is made up of plagioclase feldspar which gives, by the statistical 
method of Michel-Lévy, a maximum extinction angle of about 
13° (measured in the albite twinning lamellae), and thus cor- 
responds to Ab;An3. Due to the dearth of albite twinning and 
the abundance of included matter, no high degree of accuracy 
can be claimed for this determination. It suggests that the 
plagioclase of the dike is slightly more calcic than that in the vein, 
but since they are alike in the prevalence of twin-seams after the 
pericline law, in the scarcity of albite twinning lamellae, and 
in the abundance of minute inclusions, it is believed that they 
may be identical. 

No typical microcline appears to occur in the dike, but a 
carnegieite-like* mineral with a peculiar double polysynthetic 
twinning is sparingly present. Its index of refraction seems too high 
for microcline, and there occurs an occasional large twin-seam after 
the pericline law. This suggests that the mineral may be another 
phase of the plagioclase already described. 


2 This term was suggested by Van Hise (“A Treatise on Metamorphism,” 
U.S. Geol. Sur. Mon., 47, p. 776, 1904) to describe a quartzite “again meta- 
morphosed.” It was later applied by Blackwelder (‘‘The Wasatch Mountains 
Revisited.” Abstract. Bull. Geol. Soc. Amer., 36, 1, 1925) to a quartzite that had 
been thoroughly recrystallized. Blackwelder (in a paper soon to be published) 
would reserve the term quartzite for a rock derived from sandstone through simple 
cementation by silica. Some such distinction as this seems advisable as the term 
quartzite has been used ambiguously by various authors to cover either or both of 
these rock types. The prefix meta- commends itself because it is already in common 
use before the names of igneous rocks to signify analogous changes. 

* This material consists of a single large specimen of the dike containing a port- 
tion of the principal vein with numerous minor ramifications. The largest oligoclase 
crystal present is more than an inch in the longest direction, but there are all 
gradations to crystals an eighth of an inch. 

The specimen is believed to be typical, but the circumstances under which it 
was collected prevented a detailed study in the field. 

‘ Washington and Wright: Am. Jour. Sci., [4], 29, 52 (1910). See Figs. 2 and 3. 


JOURNAL MINERALOGICAL SOCIETY OF AMERICA 241 


Chlorite is the mineral second in abundance and gives the dark 
color to the dike. There are two kinds of chlorite. The most 
common is the ordinary green variety, with very low birefringence 
and slightly anomalous interference colors. It occurs in spherulitic 
and irregular aggregates, often showing polysynthetic twinning 
parallel to the cleavage, which is also the direction of extinction. 
The second is a pleochroic brown variety with decidedly anomalous 
(ultra blue through lavender, straw, brownish-yellow, and orange- 
red) interference colors. Its birefringence is considerably greater 
than that of the first variety, and its occurrence in small patches 
around the edges and along the cleavage planes of the green 
chlorite suggests that it is possibly an alteration product of the 
green variety. 

Clinozoisite, biotite, a very pale green amphibole, and titanite 
named in order of abundance, are present in considerable quanti- 
ties. The clinozoisite, which is very granular, is embedded in the 
plagioclase and occurs in all gradations from irregular aggregates 
that can be easily recognized to individual particles of sub- 
microscopic size. The biotite is very dark, has strong absorption, 
and contains numerous pleochroic halos surrounding small crystal 
inclusions. The amphibole is almost colorless and is undoubtedly 
a recrystallization product. Both biotite and amphibole occur 
intergrown with chlorite, but it is doubtful if the chlorite has been 
derived from either. Other constituents of the dike are tourmaline, 
apatite, muscovite, sericite, calcite, and quartz, but they are 
present only in very small amounts. 


CHARACTER OF THE VEIN 


The oligoclase-bearing vein is irregular and full of cavities. 
Small ramifications project from the principal fissure into the walls 
of the dike where they connect with secondary vugs and gash 
veinlets. In fact, the dike in the vicinity of the vein is itself very 
porous and contains a great deal of subhedral oligoclase in the 
partly filled cavities. The boundary between the dike and the 
vein is thus often indefinite, so that even under the microscope 
it is impossible to determine where the plagioclase in the vein 
ends and the-plagioclase of the dike begins. Quartz, however, 
which occurs very sparingly in the dike, is present in the vein in 
scattered subhedral crystals an inch or more in length. Minute 
chlorite flakes dust the surface of both quartz and oligoclase, but 
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beneath this dirty greenish-gray veneer the oligoclase is usually 
white; occasionally it is nearly salmon pink. 


CRYSTALLOGRAPHY 


Although varied, most of the crystals are somewhat tabular, 
elongated in the direction of the b-axis, and thus show a pericline 
habit. The largest and most typical crystal collected is shown 
in Fig. 1. (This plan and clinographic projection were drawn from 
a gnomonic projection by Goldschmidt’s method.®) 


Mm 


Fic. 1. Plan and clinographic projection of an oligoclase crystal of 
of pericline habit from Gold Hill, Wyoming. 


With a hand lens the principal forms are evident by inspection. 
Some difficulty was encountered, however, in checking these 
determinations by measurements. The crystals were either too 
small or too embedded to use a contact goniometer with any 
degree of precision; and the faces were so covered with bits of 
chlorite that no reflection image could be obtained. Nevertheless, 
by mounting a small crystal on a one-circle reflection goniometer, 
using the converging or low power microscope lens, carefully 
adjusting the crystal so that all the edges in a zone were parallel 
to the vertical cross-hair, and recording the position on the 


5° A good description of this method is given in English by Miss Mary Porter, 
“Practical Crystal Drawing,” Am. Mineral., 5, 88 (1920). 
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graduated circle at which each succeeding face became parallel 
with the line of sight, values were obtained for the interfacial 
angles which approximate to within one degree those recorded 
in Dana’s ‘‘System of Mineralogy”’ for the respective angles. 
The principal forms are: c{001}, 5{010}, m{110}, {110}, 
x{101}, and r{403}. Some minor forms, such as o{111}, p{111}, 
#{130} and 2{130}, are believed to occur on some crystals, but 
they are small, much rounded, and cannot be surely identified. 
Usually, as in Fig. 1, the forms m and M are equally developed, 
x is nearly as large as c, while 7 is either small or absent. Two 
common variations from this habit are illustrated in Figs. 2 and 3, 
In Fig. 2, the crystal still has a pericline habit, but c is developed 
at the expense of the other faces and the individual is thin and 
tabular. In Fig. 3, ¢ is not so prominent, the faces in the zone 


Siw 


Fic. 2. Plan and projection on (010) Fic. 3. Plan and projection on 
of a tabular oligoclase crystal of peri- (010) of a stout oligoclase crystal. 


cline habit. 


[001] are better developed and the elongation in the direction of 
the b-axis is less marked. 

Although the majority of crystals are not twinned, pericline 
twinning is represented by simple twins, twin-seams, and poly- 
synthetic twins. Of these, crystals with a twin-seam, Fig. 4, appear 
to be the most common. Albite twinning is seldom present, but 
when it does occur it is polysynthetic. 

A parting® parallel to the pericline twinning is frequently well 
developed as illustrated in Fig. 4. 

The angle of the rhombic section, that is, the angle between 
the (001):(010) edge and the trace of the pericline twinning 


6 Parting parallel to pericline twinning was noted by Penfield and Sperry, 
Am. Jour. Sci., [3], 34, 390 (1887), and later emphasized by Rogers, Jour. Geol., 21, 
202 (1913). It has since been observed by MacKenzie, Am. Mineral., 8, 193 (1923). 
_ This parting is perhaps the only one on record which is not parallel to a crystallo- 
graphic direction (see A. F. Rogers, “Introduction to the Study of Minerals and 


Rocks.” 2nd ed., p. 132, New York. 1921.) 
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lamellae (Fig. 4) was measured on several specimens. This was 
accomplished by mounting the crystals and using the microscope 
as a goniometer. Twenty readings, taken on the best three 
specimens, gave a mean value of +7°52’ with extremes of + 6°40’ 
and +9°0’. 

The angle of the rhombic section may vary’ from + 22° for albite 
to —18° for anorthite, Fig. 5. The angle obtained for the Gold Hill 
plagioclase is well within the limits usually assigned® to oligoclase. 


= 


0 


pact 


Fic. 4. Projection of a Gold Hill 
oligoclase cleavage fragment on (010), 
showing a twin-seam, (according to the 
pericline law), (001) cleavage, parting 
parallel to the pericline twinning, and 
the angle (+7°52’) of the rhombic 


Fic. 5. Projection of a plagioclase 
cleavage fragment on (010), showing 
the position of the pericline twinning 
lamellae for pure albite Ab (+22°), 
andesine-labradorite Ab,;An; (0°), and 
pure anorthite An (— 18°). 


section. 


OPTICAL PROPERTIES 


EXTINCTION ANGLES: Twenty readings on a good (010) cleavage 
flake gave a mean value of +3°40’, with extremes of +2°0’ and 
+4°30’, for the extinction angle measured against the trace of 
the (001) cleavage. This, according to Wright® corresponds to 
an oligoclase of Ab7sAn24 composition. 


7 See Penfield and Sperry, loc. cit. 

§ It seems unfortunate that this comparatively simple method for the identifica- 
tion of the various plagioclase feldspars, practically the only one that can be used 
megascopically, has received so little attention. Since the investigation of Penfield 
and Sperry in 1887 it seems that nothing has been done to correlate the angle of 
the rhombic section with chemical analyses. 

°F. E. Wright, ‘‘A Graphical Plot for Use in the Microscopical Determination 
of the Plagioclase Feldspars.” See curve No. 6, Am. Jour. Sci., [4], 36, 541 (1913). 
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Extinction angles on good (001) flakes measured against the 
trace of the (010) cleavage are practically 0°. A plagioclase with 
a 0° extinction angle on (001) would be AbzoAnjp, according to 
Wright’s curve No. 5. Following Calkins’ nomenclature” a 
feldspar with this composition would fall on the oligoclase- 
andesine line. However, the curve for extinction angles on (010) 
changes much more rapidly for sodic plagioclases than does the 
curve for extinction angles on (001). The extinction angles on 
(010) are therefore more reliable as indicators of composition and 
it is probable that Ab7sAng, is nearer the real composition than is 
Ab7zoAN3po. 

INDEX OF REFRACTION: Crushed fragments immersed in liquids 
of known index of refraction gave values varying from 1.540+ .001 
for m to 1.551+.001 for m,. Using the minimum as suggested by 
Tsuboi!! a composition of Ab77Ange3 is indicated. As the indices 
given above vary between wider limits than should exist if there 
were present only perfect (001) and (010) cleavage flakes, it is 
probable that the above minimum is slightly too low and therefore 
the plagioclase may be a little more calcic. 


DISCUSSION 


In summarizing the optical data, the index of refraction and the 
extinction angle on (010) cleavage flakes are regarded as the two 
most reliable determinations. These give Ab77Ane3; and AbzAnaa, 
respectively. Both of these values are very close to AbsAn,, and 
since this formula is more in keeping with the degree of accuracy 
of the determination as a whole, it may be regarded as the nearest 
approximation justified. 

The Alpine type of veins from Tyrol, Switzerland, and the 
French Alps, with its characteristic assemblage of minerals, have 
furnished so many examples of beautiful albite crystals elongated 
in the direction of the b-axis that this particular (pericline) habit 
has come to be associated in the minds of mineralogists with albite 
feldspar in Alpine veins. Here is an example of pericline habit 
with a feldspar not albite and in a vein not of the usual Alpine 


type. 


10 F. C. Calkins, “A Decimal Grouping of the Plagioclases.’’ Jour. Geol., 25, 


~ 157 (1917). 
Mineral. Mag., 20, 93 (1923). 
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Although exceedingly common as embedded rock-forming 
minerals, the intermediate members of the isomorphous albite- 
anorthite series, unlike albite, are seldom found as attached 
euhedral crystals in veins. Further, among all the plagioclase 
crystals found attached to the walls of veins, those of pericline 
habit are confined to relatively few localities, and in these localities 
a disproportionately large ratio of them are albite in composition. 
Of the 324 albite crystals figured by Goldschmidt in his ATLAS 
DER KRYSTALLFORMEN, about ten per cent have the typical 
pericline development, while of 117 figures illustrating the entire 
transition series from oligoclase to bytownite there are only three 
figures which show this habit. These three were described from 
Sweden by Flink!” in 1914. So far as the writer is aware no Ameri- 
can occurrence of euhedral oligoclase of pericline habit has pre- 
viously been described. 

From the foregoing it is evident that at Gold Hill an extremely 
common mineral occurs in an unusually rareform. To the collector, 
such specimens are always fascinating. 


RELATIONS BETWEEN PROPERTIES AND COM- 
POSITION IN THE AMBLYGONITE-MONTEBRASITE 
SERIES 


A. N. WINCHELL, University of Wisconsin 


Amblygonite is a lithium aluminum fluophosphate whose 
formula is commonly written as LiAIFPO,. Penfield! demonstrated 
that hydroxyl can proxy for any part or all of the fluorine in 
this substance, thus forming a series from amblygonite proper, 
LiAIFPO;, to montebrasite, LiAJOHPO,y. Furthermore, sodium 
can proxy for lithium up to about twenty (molecular) percent, 
as shown by many analyses; according to Schaller? sodium can 
displace lithium (almost) entirely, as in “‘fremontite,’’ but there 
is no evidence that NaAl(OH,F)PO, is miscible in more than 
limited amounts with LiAl(F,OH) POs. 


” Arkiv Kemi Min. Geol. (1914), cited by Goldschmidt, “Atlas der Krystall- 
formen,” Band III, Heidelberg (1916). The three figures referred to (Figs. 113, 114 
and 115, Tafel 206, Goldschmidt) would serve equally well to illustrate the vari- 
ations in the habit of the Gold Hill material, except for the minor forms. 

1 Am. Jour. Sci., CLXVIM, 297 (1879). 

?.U. S. Geol. Surv. Bull., 610, 141 (1916); see also: Am. Jour. Sci., CLXXXI, 
48 (1911). 
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In the preceding paragraph it is assumed that the usual formulas 
for the amblygonite group are correct; as a matter of fact all 
modern analyses of the group show an excess of water beyond the 
tenor required by the formula. Since this excess is found in all 
recent analyses and is far greater than the probable error in the 
determination of water (and fluorine), averaging about one and 
a half percent by weight, it seems reasonable to modify the formula 
so as to include this water. The writer would therefore suggest 
the following formulas for the members of the amblygonite group: 


Amblygonite proper LiAIFPO,.1/4 H2O or 4LiAIFPO4.H.O 
Montebrasite LiAIOHPO,.1/4 H2O or 4LiAIOHPO,.H2O 
Fremontite NaAl(OH,F) PO,.1/4 H2O or 4NaAl(OH,F) PO,.H,O 


Nearly ten years ago Backlund’ made an elaborate attempt to 
show the relations between physical properties and chemical 
composition in the amblygonite-montebrasite series, but found it 
impossible to prepare an exact graphic representation of these 
relations.‘ It is still impossible to prepare an accurate graph, but 
with the aid of the new interpretation of the composition, just 
given, a graph (Fig. 1) has been made which seems to be a reason- 
ably good interpretation of the available data. Accurately cor- 
related physical and chemical data are urgently needed in this 
series as in many others. In the amblygonite-montebrasite series 
practically no such data are available and it is necessary to assume 
in some cases that samples from a given locality are alike. In other 
cases it was shown by Pisani® over fifty years ago that a single 
locality may furnish samples varying widely in composition; the 
only available guide to show which analysis of samples from one 
locality corresponds chemically with a sample optically measured 
is a comparison of the specific gravities of the analyzed samples 
with that of the optically measured sample. In view of the small 
range in specific gravities and the difficulties encountered in 
measuring the densities, it is surprising that this method is quite 
useful. 

‘In the diagram the optic data for only three samples fall exactly 
on the lines which are drawn for N,, Nm and N,. No explanation 
of the discrepancy has been found in the case of the sample from 


3 Geol. For. Forh. Stockholm, XL, 757 (1918). ' 

4 “Doch lisst das Materiel keine exakte graphische Darstellung dieser Abhingig- 
keit zu.” Op. cit., p. 769. 

5 Comp. Rend., LX XV, 79 (1872). 
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Uté (No. 3), but it is of interest to note that the measured indices 
are about correct for a sample of the recorded specific gravity, 
according to the diagram. This suggests that the sample analyzed 
was not the same as the sample whose density and refractive 
indices were measured. The sample from Montebras (No. 2) is 
unusually rich in soda which doubtless lowers the indices of 
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Fig. 1. Relations between Properties and Composition in the Amblygonite- 
Montebrasite Series. Specific gravity of analyzed sample indicated by a cross, 
and that of optically measured sample by an open circle. Optic angle curve of less 
value because derived from the graph of Ng, Nm and N» rather than from direct 
measures on analyzed samples. 


All optic data are from H. Backlund: Geol. Fér. Férh., XL, 757 (1918). 
Analyses of 1, 2,5, 6,7, by S. L. Penfield: Am. Jour. Sci., CLX VIII, 296 (1879). 
Analysis of 3 by N. Sahlbom in H. Backlund; loc. cit. 


Analysis of 4 by W. Dérpinghaus: Arch. Lagerst, XVI, 1914; Zeit. Kryst., 
LXII, 587 (1925). 


Sample No. 1 from Chursdorf near Penig, Saxony; 2 from Montebras, France 
(Backlund’s No. 2, Table IV, in which N,, should be corrected to read 1.5953); 
3 from Utd, Sweden; 4 from Caceres, Spain, 5 from Hebron, Me.; 6 from Paris, Me.; 
7 from Montebras, France (Backlund’s No. 9, Table IV). 


refraction; in this connection it may be remarked that the re- 
fractive index lines of the figure should be higher (by about 0.01) 
at the fluorine side of the diagram to show properly the properties 
of soda-free amblygonite. From other data it seems probable 
that the optic angle is affected less than the indices by soda, so 
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that an approximate estimate of the amount of soda present can 
perhaps be obtained from the use of the optic angle curve coupled 
with the curves for the refractive indices. The sample from Paris, 
Me., (No. 6), shows indices which are too high according to the 
diagram; the reason is unknown. The sample from Caceres, Spain, 
shows indices which are too low; this may be due to the presence 
of more soda than implied by the lines of the diagram.® 

In conclusion the writer would emphasize the fact that no claim 
of high accuracy is made for the diagram, but the existence on it 
of all available data permits any one to judge its limitations, and 
also shows the need of further carefully correlated physical and 
chemical work. 


ZEOPHYLLITE FROM IDAHO WITH NOTE ON THE 
DETERMINATION OF MALLARD’S CONSTANT 


ERNEST E. FAIRBANKS, Bureau of Mines, Reno, Nevada 


Zeophyllite, 3CaO.CaF2.3SiO,.2H.O, was identified in material 
submitted by Mr. F. A. Hamilton, Rainbow End Mining Co., 
Salmon River District, Idaho. The mineral was found by him in 
the Salmon River district near Riggins, Idaho. 

Zeophyllite was first found associated with natrolite in Bohemian 
basalt by Pelikan.t No reference could be found for an American 
occurrence of this mineral; therefore it is desirable to place this 
new occurrence on record, 


OCCURRENCE AND ORIGIN 


The Idaho zeophyllite occurs in spherical forms consisting of 
radiated crystal aggregates in dolomite. The largest spherical form 
observed measured 3/8 of an inch in diameter. The mineral 
appears to be limited to the more altered sections of the dolomite. 
A thin section was prepared from a chip known to contain the 
zeophyllite upon one surface at least. This surface was mounted 


6 Optic data recently published by Landes (Am. Mineral., X, 382 (1925)) are 
accompanied by no analyses; from the diagram his ‘‘Class I amblygonite”’ may be 
inferred to have about 40% montebrasite and to be rich in soda (perhaps 3%), 
while his “Class III amblygonite’’ must be nearly pure montebrasite with remark- 
ably little soda. His value for N,, is too high to check his value for 2V, assuming 
~ N, and N,j to be correct. 

1 Sitz. Aka. Wiss. Wien, 111, (1), 334 (1902). 
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and a few small aggregates were caught in the resulting section. 
The ingress of material along numerous minute fissures in the 
formation of the mineral was indicated by the fact that every 
crystal observed occurred near a fissure. Unaltered dolomite 
occurring near such fissures has been replaced by zeophyllite 
crystals. While the connection with fissures is apparent, practically 
all of the space occupied by the crystals was obtained by replace- 
ment of dolomite. Pyrite, epidote and chlorite have also been 
introduced. 

The occurrence of the dolomite appears to be as follows, accord- 
ing to information and a suite of specimens furnished by Mr. 
Hamilton. Dolomite and a chlorite schist have been intruded by 
a granite pegmatite. Fluorine and water, and no doubt other 
substances, have traveled from the pegmatite into the dolomite 
and the schist. The origin of the zeophyllite is indicated by its 
association with the minerals of the pegmatite. Manganotantalite,? 
(Mn,Fe)O.(Ta,Cb)2O2, was identified in fairly large specimens in 
the pegmatite and contains disseminated zeophyllite. 


IDENTIFICATION 


The following properties agree very closely with those of the 
Bohemian mineral and do not resemble any other listed species; 
colorless, hardness about 3, cleavage (0001) perfect, fibrous parallel 
to a, uniaxial (—) to biaxial (—) with 2E 33°14’ and 2V= 20°56’, 
dispersion 2V,<2V, strong, y(w) elong. (a), w=1.575, e=1.565; 
w—e=.010. These values of the refractive indices apply to an 
undetermined wave-length between 182uu and 480uu. The 
dielectric constant, highest value, determined at 31°C amounted 
to 25+1, for \=infinite.? 


NOTE ON 2V DETERMINATION 


Ammonium sulphate was used to obtain Mallard’s constant 
in the determination of 2V for the zeophyllite. 

The Mallard constant of the microscope is often determined by 
using a mineral section of aragonite, muscovite or some other 
common mineral. Unless the optical axial angle of the mineral 
has been accurately determined, it is not advisable to employ 


? The writer is indebted to his colleague, Mr. C. W. Davis, for a partial analysis 
of this mineral. Manganese is present in considerable excess over the iron. 

* For a brief discussion of the dielectric constants of the zeolites see page 251 
of this article. 
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minerals for this purpose. 2E of muscovite, for example, varies 
from about 56° to 75° and the tendency of aragonite to form an 
isomorphous series is likely to be accompanied by a change in the 
optical axial angle. Chemically pure, clear, ammonium sulphate, 
(NH,4)2SOx4, appears to possess a very constant 2V of 52°10’. The 
use of this substance can, therefore, be recommended for the 
determination of Mallard’s constant. Fragments oriented perfectly 
normal to the positive acute bisectrix were found without difficulty 
The following optical data on this reagent are necessary; B—a 
= .0021; Bya= 1.5230; 2E= 84°06’. 


DIELECTRIC CONSTANTS OF ZEOLITES 


A great deal has been written upon the constitution of the 
zeolites and a discussion will not be attempted here. One method 
of study, however, appears to have been neglected.4 That is the 
study of the dielectric constants. A few determinations of the 
constant, k, of a number of zeolites, all of which had been subjected 
to identical conditions of humidity and temperature, were made 
and are recorded below. The following values were determined 
under uniform conditions at 31°C. 


MINERALS COMPOSITIONS CONSTANT R 
Natrolite Na2O.A],03.3S102.2H,O 11 
Analcite Na20.A1,03.4Si0O,.2H,0 13 
Crestmorite 4Ca0.4SiO2.7H,O il 
Chabazite (CaNaz2)O.A1,03.4Si02.6H2O 19 
Stilbite (CaNaz)O.Al],03.6Si02.5H2,0 22 
Zeophyllite 3CaO.CaF».3SiO2.2H,0 25 


Gmelinite (CaNaz)O.A1,03.4Si02.6H20 >36 
=infinite; Error +1. 


Stilbite was heated to 100°C for three hours and k was found 
to have increased from 22 to above 36. The optical properties 
were found to have remained the same and it is probable that they 
do not change until the inversion to the orthorhombic form takes 
place at about 250°C.° 

The suggestion is offered that the loss of water unattended by 
a change in optical properties and without exhibiting a point of 
discontinuity (cusp) in a curve of k, may indicate that the water 


4 Dielectric constant and molecular structure: K. T. Compton, Science, Jan. 15, 


1926, pp. 53-58. 
5 This inversion was determined by Rinne according to Winchell, Am. Mineral. 


10, p. 152 (1925). 
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is held by secondary valence. This secondary valence is considered 
‘a term that is used in a vague way to indicate the nature of the 
forces which bind together molecules in which the primary valences 
are satisfied, particularly in the cases when an ordinary valence 
cannot still be assigned to each atom through a rearranging of 
the bonds.’’* This field is an interesting one for research and one 
into which our mineralogists might venture with profit. 


NOTES AND NEWS 
TOURMALINE CRYSTALS FROM SOUTHWEST AFRICA 


ALFRED C. Hawkins, Rochester, N. Y. 


Selected crystals from a shipment of tourmalines recently received by Ward’s 
Natural Science Establishment (see cover 4, Am. Mineral., May, 1926) were sub- 
mitted to the writer for examination. All of the crystals are loose and no evidence 
as to the nature of the matrix which carried them is available. In size they vary 
up to 2X4.5 cm. They are prismatic in habit and many are slender. Though 
black by reflected light, transmitted light shows their color to be clear transparent 
bottle green. They possess numerous flaws. The locality from which they came is 
given as Swakopmund, South West Africa. 

Most of the crystals are remarkably well terminated and the principal and 
largest terminal faces show K: of Goldschmidt (see below). This is modified 
on the edges and summit by the smaller faces of two trigonal pyramids. The 
terminal faces of the crystals are etched, especially .x. Prism faces are generally 
comparatively smooth and bright, with vertical striations. A study of a number 
of crystals by means of the two-circle reflecting and contact goniometer shows the 
following forms to be present: m (1010) prominent, striated; a (1120) prominent, 
striated; o (2130) narrow, inconspicuous; 7 (1011) at summit of crystal; p.x. (1121) 
Gdt., modifying edges of K:; K: (4151) Gdt., steep, prominent form adjacent to 
prism zone. 

The writer wishes to express his thanks to Ward’s Nat. Sci. Est. for the use of 
these crystals. 


PYRITE FROM CORNWALL, PENNSYLVANIA 


ALFRED C. HAWKINS AND JOHN S. FRANKENFIELD, Rochester, N. Y. and 
Philadelphia, Pa. 


The pyrite crystals herein briefly described belong to two lots, which were 
measured independently by the above authors. The results of the measurements 
are combined in the present article. 

Those measured by the senior writer were five in number and were kindly 
submitted by Professor J. F. Kemp of Columbia University, who stated that they 


° The constitution of nickel carbonyl and the nature of secondary valence: 
A. A. Blanchard and W. L. Gilliland, Jour. Am. Chem. Soc., 48, 4, p. 881 (1926). 
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“came from a pyrite vein in the magnetite on the south side of the Big or Middle 
Pit, near its center and close to the limestone.” They are a centimeter or more in 
diameter, and their habit ranges from octahedral to cubic, with many diploid 
modifications. 

The crystal whose figure is shown (measured and drawn by the junior author) 
was found near the south wall of the Middle Pit on the higher grade of the mine. 
Its diameter is one half a centimeter and it shows forty-four measurable faces. 

Forms present are as follows: c(001); e(012); a(047); d(011); g(112); p(111); 
u(122); v(233); ¥(124); (234), «(123); 1(247); H(249); =(135); *(155); X(345); 
*m(3:4:12); *E3(2:3:15); *£2(1:4:20); *go(4:11:46). (Gdt. lettering.) 


Of these forms the following new ones (indicated *) were identified by their 
measurements: 

Forms Oss. CALC. 

¢ p ¢ p 

* (155) 11°00’ 45°33’ 11°18’ 45°33’ A form which has recently been described. 
my(3: 4:12) 36 33 2140 36 52 22 37 Diploid, observed twice on one crystal. 
E;(2: 3:15) 32 48 13 17 33 42 13 31 Diploid, observed twice on one crystal. 
gz (4:11:46) 20 00 12 10 19 59 12 14 Diploid, observed once. 
E,(1: 4:20) 13 20 11 15 1402 11 39 Diploid, observed once. 

There were also a large number of vicinal faces, which are excluded from the 
present discussion. 

Acknowledgment is hereby made to Dr. E. T. Wherry, Mr. S. G. Gordon, and 
Mr. H. P. Whitlock, for valuable aid rendered during this work. 


1 Zimanyi, on crystals from Alsésaj6, Gomér, Hungary; Math. Termesettud. 
Erisito, 1918, XX XVI, p. 409. 
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NOMINATIONS FOR OFFICERS OF THE MINERALOGICAL 
SOCIETY FOR 1927 


The unanimous nominations of the Council for officers of the Mineralogical 
Society of America for 1927 are as follows: 
President, Austin F. Rogers, Stanford University, California. 
Vice-president, George L. English, Rochester, New York. 
Secretary, Frank R. Van Horn, Case School of Applied Science, Cleveland, Ohio. 
Treasurer, Alexander H. Phillips, Princeton University, Princeton, New Jersey. 
Editor, Walter F. Hunt, University of Michigan, Ann Arbor, Michigan. 
Councilor, 1926-30, Alexander N. Winchell, University of Wisconsin, Madison, 

Wisconsin. 

The seventh annual meeting of the Society will be held December 27-29, 1926 
at the University of Wisconsin, Madison, Wisconsin. It is planned to publish 
in the December issue of the Journal a preliminary list of titles of papers to be 
presented before the Society at its annual meeting. In order to appear on the 
advance program titles of papers should be in the hands of the Secretary by 
Vovember 10. 

FRANK R. VAN Horv, Secretary. 


REDEFINITION OF SPECIES 
Jalpaite 


Grorc KALB AND MAXIMILANE BENDIG: Erzmikroskopische Untersuchung 
der Mineralreihe Silberglanz-Kupferglanz. (Chalcographic Examination of the 
mineral Series Argentite-Chalcocite.) Centr. Min. Geol., p. 516 (1924). 

An analysis of jalpaite from Schlangenberg, Altai, gave Ag 71.73, Cu 14.10 
S 16.33, corresponding closely to the analysis of the mineral from Jalpa, Mexico, 
and the theoretical composition 3Ag2S.Cu2S. Cleavage pseudo-octahedral. Be- 
tween crossed nicols anisotropic. Apparently distinct from argentite with a com- 
position of 3Ag2S.Cu.S. 

W. F. F. 


Kornelite 


JozsEF KRENNER: Kornelite. Math és Termés. Ert., 42, pp. 1-3 (1926). Also 
Jozsef Loczka: Mineral analysen. Ibid., pp. 6-17, pp. 20-21. 

CHEMICAL PROPERTIES: A ferric sulphate of iron; Fe2O3. 3 SO3, 74 H.O. Analysis: 
SO; 44.55, Fe203 30.17, CaO 0.06, NasO 0.11, K20 0.09, (NH4)20 0.03, FeO, CuO, 
P.O; traces, H2O 24.92. Soluble in water. 

CRYSTALLOGRAPHIC PROPERTIES: Orthorhombic. (110):(110)=52°2’. No 
terminal faces present. 

PHYSICAL AND OPTICAL PROPERTIES: Color pale rose or violet. Luster silky, 
streak white. Plane of the optic axes parallel to the cleavage b(010). Acute bisectrix 
parallel toa. 2E=84°12’. Dispersion p>», 

OccuRRENCE. Found with voltaite and coquimbite in the pyrite mines of 
Szomolonok, Co Szepes, Hungary. WH Fs FE. 


